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FOREWORD 

This  report,  which  was  prepared  as  part  of  the  Joint  Services 
Infrared  Sensitive  Element  Testing  Program,  is  one  of  a  series  .  v 
that  consists  of  a  collection  of  data  sheets  presenting  various  phys¬ 
ical  properties  of  photodetectors.  The  work  reported  here  wa,s 
performed  from  September  1963  through  April ,,1964.  It  was  author¬ 
ized  by  WepTask  RMGA -  41-049/211-1  /ft 00:8 - 0 3 - 002  and  covered 
by  the  following  funds: 

BuWeps  P.  O.  4-0311 
AF  MIPR  A8-4-110 
NASA  W-  11,  643-B 
BuShips  Allotment  17174 
BuShips  Allotment  72174 
Army  PO-ERDL  1-64 

R.  F.  POTTER 
Head,  Infrared  Division 
Research  Department 
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INTRODUCTION  ' 

Thi s  report  presents  the  results  of  measurements  made 
on  ten  photodetectors.  It  includes  data  sheets  on  lead  sulfide 
cells  from  Infrared  Industries,  Inc;  indium  antimonide  cells  VV0 
from  the  Santa  Barbara  Research  Center,  Davers  Corpora¬ 
tion,  and  Minneapolis -Honeywell;  germanium  cells  from  the 
Santa  Barbara  Research  Center;  and  a  thermocouple  from 
Beckman  Instruments,  Inc.  " 

A  summary  of  the  data  obtained  is  given  in  Table  1, 
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Santa  Barbara  Research  Center  Cell  W281-D,  InSb 
Data  Sheet  No.  796-B,  September  1963 
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Minneapolis  -  Honeywell  Cell  01,  InSb 
Data  Sheet  No.  798- A,  January  1964 
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APPENDIX 


DEFINITIONS  OF  SYMBOLS  AND  TERMS 


A  =  adopted  sensitive  area  of  the  detector  in  cm' 


0 


IN 


>J  .ft 

f  =  modulation  frequency  of  the  radiation  incident  on  the  detector 

Af  =  frequency  bandwidth  of  the  electrical  measuring  system 
in  cps 

J  =  rms  value  of  the  fundamental  Component  of  the  radiant 
energy  flux  density,  in  watts/cm^ 

N  =.  rms  noise  voltage 


Rq  =  maximum  response 

c- 

Rw  =  response  as  a  function  of  w  =  2irf  :  " 


Rk 

~r 


max 

bb 


ratio  of  the  responsivity  at  the  peak  wavelength  to 
the  responsivity  to  blackbody  radiation 


V  =  rms  value  of  the  fundamental  component  of  the® signal  voltage 
as  measured  with  the  entire  surface  of  the  detector  exposed 


T,  responsive  time  constant.  When  the  photon-excited  carriers  in  the 
semiconductor  have  a  simple  decay  mechanism,  the  response  to  a 
sinusoidal  varying  signal  may  be  given  by 


,  R  /Rn  =  (1  +  c/t2)^ 

CO  U  ;) 

The  responsive  time  constant  (T)  is  calculated  from  the  frequency 
response.  It  will  be  noted  that  the  load  resistance  used  in  each  case 
is  given  on  the  freouency  response  curve. 

'  U  O 

R.  The  responsivity  (R)  is  defined  as  the  ratio  of  the  rms  value  of  the 
fundamental  component  of  the  signal  voltage  to  the  rms  value  of  the 
fundamental  component  of  the  incident  radiation  power:  °  " 

b  '  £> 

O  0 


24 


R  =  V/JA 


The  units  of  R  are  volts/watt. 


Hjq.  The  noise  equivalent  ir radiance  (H^)  is  defined  as  .the  minimum 
radiant  flux  density  necessary  to  give  a  signal-.to -noise  ratio  of  ,1  when 
the  noise  is  normalized  to  unit  bandwidth:, 


Hn  =  JN/V-Af2 


i  ? 

The  units  of  Hm  are  watts/cps2  -cm. 


The  noise  equivalent  power  (Pjq)  is  defined  as  the  minimum  radi¬ 
ant  flux  necessary  to  give  a  signal -to -noise  ratio  of  1  when  the  noise 
is  normalized  to  unit  bandwidth: 

PN  =  JNA/V-Af2  'r'A.  0  "  ■> 

M  X  ,  ' 

The  units  of  P.T  are  watts/cps2  .  1 


D*.  D-star  is  defined*  as  the  detectivity  normalized  to  unit  area  and 
unit  bandwidth.  Detectivity  is  the  s ig hal  -to-  noise vratio  produced  with 
unit  radiant  flux  incident  on  the  detector: 


D*  =  A2  ,/P_ _ 

'  N 


j- 

The  units  of  D*  are  cm-cpss,/ watt . 


D/5*  m  is  defined  as  D-star  at  the  peak  wavelength,  the  optimum  Mas 
value,  and  the.peak  detective  modulation  frequency. 


Calibration.  The  gain  of  the  electrical  system  is  caaiMated  iby  inject¬ 
ing  a  known  voltage  in  series  with  the  detector  being  tested.  This  is 
accomplished  by  means  of  a  small  resistor  placed  between  the  ^detector 
ground  terminal  and  the  system  ground.  Thus,  the  detector  signal  ana 
noise  voltages  ar©=  referred  to  fhe^detector  terminals  and  To  an  infinite 
load  impedance.  The  detector  noise  is  corrected  for  amplifier  noise,. 


^ R.  Clark  Jones,  "Methods  of  Rating  the  Performance  of  Photo- 
conductive  Cells,"  Proceedings  of  IRIS,  Vol.  2,  No.  1,  June  1957. 
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Research  and  Development  Division 
Wilmington,:  Mass; 
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30  Commerce  Roacl 
Stamford,  Conn. 

Attn:  E.  M.  Wormser 

Technical  Librarian 
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The  Boeing  Company 
Military  Aircraft  Systems  Division 
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Wichita  1,  Kans. 
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Roy  C.  Ingersoll  Research  Center 
Borg- Warner  Corporation 
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Des  Plaines,  Ill.  60016  . 

Attn:  G.  F.  Boesen,  Project  Eng.  1 

Bulova  Research  &  Development  Lab.  1 

62-10  Woodside  Avenue 
Woodside  77,  Long  Island,  N.  Y. 

California  Institute  of  Technology  :r 
1201  East  California  Street  -i 
Pasadena  3,  Calif. 

Attn:  S.  S.  Penner  1 

Cornell  Aeronautical  Laboratory,  Inc. 

of  Cornell  University. 

P.  O.  Box  235  * 
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Attn:  J.  P.  Desmond,  Librarian  '  1 

Douglas  Aircraft  Company,  Inc. 

Missile  and  Space  Systems  Division 
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Ea  stman  Kodak  Company 
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Electronics  Corporation  of  America 
1  Memorial  Drive  o 

Cambridge  42,  Mass. 

Attn:  Dr.  J.  N.  Humphrey  1 

Electro-Optical  Systems,  Inc. 

300  North  Halstead  Street 
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Attn:  Technical  Librarian 
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The  Boeing  Company 
Aero-Space  Division 
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Flight  Research  Center 
P.  O.  Box  27  3 
Edwards,  Calif. 
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Aeronutronic  Division 
Ford  Road 

Newport  Beach,  Calif. 

.  General  Dynamics/Astronautics 
P.  O.  Box  1128 
San  Diego  12,  Calif. 

Attn:  Library  &  Info.  Services  (128-00) 

General  Dynamic s/Convair 
P.  O.  Box  1950 
San  Diego  12,  Calif. 

Attn:  Eng.  Library,  Mail  Zone  6-157 

General  Dynamics/Pomona 
P.  O.  Box  1011 
Pomona,  Calif, 

Attn:  Div.  Library,  Mail  Zone  6-20 

General  Electric  Company 
Advanced  Electronics  Center 
Cornell  University 

Ithaca,  N.  Y.  '  ,  <V 

Apollo  -  DDCS 
General  Electric  Company 
A&E  Bldg.  ,  Room  204 
Daytona  Beach,  Fla. 

Attn:  Dave  Hovis 

General  Electric  Company  ,0 

Space  Technology  Center 
P.  O.  Box  8555 
Philadelphia  1,  Pa. 

L'  Attn:  L.  I.  Chasen,  Manager,  Missile 
and  Space  Division  Library 

General  Milis  Electronics  Group 
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Aerospace  Research  Center 
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Little  Falls,  N.  J. 

Attn:  V.  Petras,  Librarian,  Doc.  Lib. 

General  Precision,  Inc. 
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Glendale,  Calif. 

Attn:  N.  J.  Sands,  Supv. ,  Library  Serv. 


Grumman  Aircraft  Engineering  Corporation 
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Attn:  Engineering  Library,  Plant  5 

Harvard  College  Observatory 
Cambridge  38,  Mass. 

Attn:  L.  Goldberg 

Harvard  College  Observatory 
Space  Science  Bldg.  ,  Room  B-202 
//' 60  Garden  Street 

Cambridge  38,  Mass. 

It  Attn:  H.  C.  Ingrao,  Lecturer  on 

Astronomy,,  Research  Eng. 

HRB- Singer,  Inc.  <■ 

P.  O.  Box  60 
State  College,  Pa. 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  Calif. 

Attn:  N.  E.  Devereux,  Technical 
Documents  Center 
R.  D.  Hudson,  Jr.  ,  Infrared 
Laboratories,  MSV-124 
C.  E.  Love,  Advanced  Projects 
Lab.,,  Mail  Station  B-159 

Hughes  Aircraft  Company 
3011  Malibu  Canyon  Road 
Malibu,  Calif. 

Attn:. Dr.  G.  S.  Picas 

Hycon  Manufacturing  Company 
700  Royal  Oaks  Drive 
Monrovia,  Calif. 

Attn:  Technical  Library 

IIT  Research  Foundation 
10  West  35th  Street 
Chicago,  Ill.  60616 
Attn:  G.  L.  Johnson,  Chem.  Dept. 
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Infrared  Industries,  Inc. 
62  Fourth  Avenue 
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International  Business  Machines  Corp. 

Space  Guidance  Center 
Federal  Systems  Division 
Owego,  Tioga  County,  N,  Y, 

Attn:  Technical  Reports  Center  1 

ITT  Federal  Laboratories 
15151  Bledsoe  Street 
San  Fernando,  Calif. 

Attn:  Dr,  R.  K.  Orthuber  1 

ITT  Industrial  Laboratories 
3700  East  Pontiac  Street 
Fort  Wayne,  Ind. 

Attn:  K.  L,  DeBrosse  1 
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Officer  in  Charge 
Jet  Propulsion  Laboratory 
4800  Oak  Grove  Drive  n 

Pasadena,  Calif.  91103 
Attn:  I.  E.  Newlan,  Chief,  Reports  Group  1 

..  Carlyle  Bar-ton  Laboratory 
The  Johns  Hopkins'Univer sity 
Charles  and  34th  Streets 
Baltimore  18,  Md. 

Attn:  Librarian  1 

The  Johns  Hopkins  University 
Baltimore  18,  Md. 

Attn:  Dr.  G.  H.  Dieke,  Dept,  of  Physics, 

Homewood  Campus  1 

Dr.  J.  Strong,  Ames  Hall, 
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Lockheed-California  Company 
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Dept.  72-25,  Bldg.  63- 1,:  Plant  A-  1 
Burbank,  Calif. 

Attn:  Central  Library  '  1 

Lockheed  Missiles  and  Space  Company 
Technical  Information  Center  (50-14) 

3251  Hanover  Street 
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The  Martin  Company 
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Denver  1,  Colo. 

Attn:  AUTA.C,  Research  Library  1 

The  Martin  Company 
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Baltimore  3,  Md. 

Attn:  Science -Technology  Library  'V  1 

Massachusetts  Institute  of:  Technology 
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560  Memorial  Drive 
Cambridge  39,  Mass. 

Attn:  Library  1 


Kollsman  Instrument  Corporation 
80-08  45th  Avenue 

Elmhurst  73,  N.  Y.  /-y 

Attn:  Librarian  '  1 

Langley  Research  Center 
Langley,  Station 

Hampton,  Virginia  1 

Leesona  Moos  Laboratories  1 

A  Division  of  Leesona  Corporation 
Lake  Success  Park,  Community  Drive 
Great  Neck,  N.  Y. 

Lewis  Research  Center  1 

21000  Brookpark  Road 
Cleveland  35,  Ohio 

Litton  Systems,  Inc. 

5500  Canoga  Avenue 
Woodland  Hills,  Calif. 

Attn:  H.  Graifer,  Systems  Management  1 


Massachusetts  Institute  of  Technology 
Department  of  Chemistry  Q 

Cambridge  39,  Mass.  Q 
Attn:  Prof.  L.  Harris  I 

Massachusetts  Institute  of  Technology 
Lincoln  Laboratory 
Lexington  73,  Mass. 

Attn:  Library  A-082  ^  1 

Applied  Physics  Group  1 

Massachusetts  Institute  of  Technology 
Spectroscopy  Laboratory^ 

Cambridge  39,  Mass.  o  0 

Attn:  Dr.  R.  C.  Lord  1 

Massachusetts  Institute  of  Technology 
Materials  Center,  Room  6-106 
Cambridge,  Mass. 

Attn:  Dr.  S,  Zwerdling  1 

McDonnell  Aircraft  Corporation 
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Technical  Information,  Center  1 

Melpar,  Inc. 

3000  Arlington  Blvd. 

Falls  Church,  Virginia 

Minneapolis-Koneywell  Regulator  Co.  , 
Aeronautical  Division 
1400  Soldiers  Field  Road 
Boston  35,  Mass. 

Attn:  J.  F.  Burgarella,  Tech.  Lib.  1 

Minneapolis -Honeywell  Regulator  Co.  1 

Research  Center 
500  Washington  Avenue  South 
Hopkins,  Minn. 


Minneapolis -Honeywell  Regulator  Co. 

13350  U.  S.  Highvjiy  19 
St.  Peter  sburg,  Fla. . 

Attn:  V.  Batchelor,  Librarian  1 

Motorola,  Inc. 

8201  East  McDowell  Road 
Scottsdale,  Ariz.  85252 
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North  American  Aviation,  Inc. 
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4300  East  Fifth  Avenue 
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Attn:  Engineering  Data  Section 


North  American  Aviation,  Inc. 
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International  Airport 
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Attn:  Technical  Library 
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Hawthorne,  Calif.  90250 
Attri’:  Technical  Information,  3924-31 
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Northwestern  University 
Physics  Department 
Evanston,  Ill. 

Attn:  Dr,.  R,  J.  Cashman  1 


Ohio  State  University  Research  Foundation 
1314  Kinnear  Road 
Columbus,  Ohio  43212  , ; 
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Prof.  W.  E.  Mitchell,  Macmillan 
Observatory  (  ■-  1 

E.  K.  Damon,  Antenna  Laboratory  1 


Perkin-Elmer  Corporation  1 

2930  Bristol  Street 
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Perkin-Elmer  Corporation 
P.  O.  Box  730 
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Attn:  Librarian 
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Attn:  D.  Kinnier 
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Attn:  R.  H.  Weingrad 
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Huntington  19,  W.  Va. 
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Radio  Corporation  of  America 
Defense  Electronic  Products- 
Camden  2,  N.  J. 

Attn:  Library,  10-2-5 

Rand  Corporation 

1700  Main  Street  . 

Santa  Monica,  Calif. 

Attn:  Library 

Raytheon  Manufacturing  Company 
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P.  O.  Box  398 
Bedford,  Mass. 

Attn:  1.  N.  Britton,  Librarian 
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Electronic  Products  Division 
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Sanders  Associates,  Inc. 
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Attn:  Paul  Leavy,  Jr. 

i-. 

Santa  Barbara  Research  Center 
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Texas  Instruments,  Inc. 

13500  North  Central  Expressway 
P.  O.  Box  1079 
Dallas,  Tex. 

Attn:  George  Pruett  1 


Texas  Instruments,-  Inc, 

P.  O.  Box  50.1-2,  Inwood  Station 
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Corporate  Research  and  .Engineering 
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Attn:  Technical  .Reports  Service  I 

Thompson  Ramo  'Wooldridge,,  Inc,  „  RW  .©Tv.. 

8433  Fallbrook  Avenue 
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Attn:  Technical  iLibrary  .1 

T, upper  Trent  Co. ,  Inc, 
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Helen  Street 
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University  of  California 
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University  of  Chicago 
Laboratories  for  Applied  Sciences 
Museum  of  Science  and  Industry 
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Attn:  Technical  Library 

Univer  sity  of  Michigan 
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P.  O.  Box‘6'22 
Ann  Arbor,  Mich.  481 07 
Attn:  O.  C.  Mo'hler 
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Attn:  W,  Wolfe,  IRIA  3 
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Vitro  Laboratories 
Silver  Spring  Laboratory 
14000  Georgia  Avenue 
Silver  Spring,  Md.  20910 
Attn:  Library 

Walter  Kidde  &  Company,  Inc. 
Engineering  and  Research  Division 
675  Main  Street 
Belleville  9,  N.  J. 

Attn:  A.  Radkowski 

The  Warner  &  Swasey  Co. 

32-16  Downing  Street 
Flushing  54,  N.  Y. 

Attn:  S.  A.  Dolin 

Westinghouse  Electric  Corporation 
Defense  Center — Baltimore 
Technical  Information  Center 
Box  1693 
Baltimore  3,  Md. 

Attn:  A.  E.  Battaglia 

Westinghouse  Electric  Corporation 
32  North  Main  Street 
Dayton  2,  Ohio 
Attn:  .John  Basista 


NOLC: 

C.  J.  Humphreys,  Code  40  1 

R.  F.  Potter,  Code  43  1 

W.  L.  Eisenman,  Code  431  1 

1  J.  D.  Merriam,  Code  431  1 

A.  B.  Naugle,  Code  431  1 

J.  Bernstein,  Code  432  1 

J.  J.  Nastronero,  Code  54  1 

Technical  Library,  Code  234  .2 
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1  Ivanneapolis- Honeywell;  Ge  cells  from  the  Santa  *  jand  Minneapolis -Honeywell;  Ge  cells  from  the  Santa 

rbara  Research  Center;  and  a  thermocouple  from  WepTask:  RMGA-41-049/  Barbara  Research  Center;  and  a  thermocouple  from  WepTask:  RMGA-41-049/ 

ckman  Instruments,  Inc.  21 1-1/R008-03-002  ^Beckman  Instruments,  Inc.  .  21 1-  1/R008-03-002 


